Primary lung lymphoma (PLL) is a rare unilateral or bilateral lung disorder that is challenging to diagnose solely based on clinical and radiological presentation. PLL may be misdiagnosed as pneumonia or a lung tumor due to non-specific findings. PLL is most frequently a mucosa-associated lymphoid tissue (MALT) lymphoma, a type of extranodal low-grade B-cell lymphoma most commonly discovered in the gastrointestinal tract. PLL should be considered in the differential diagnosis of non-resolving pneumonias. Herein we present a case of an 84-year-old patient discovered to have a primary pulmonary MALT lymphoma presenting as a non-resolving pneumonia causing a clinical challenge.
Introduction
Primary lung lymphoma (PLL) is a rare disease that encompasses many histologic types of lymphomas. It accounts for < 1% of all pulmonary neoplasms and only 3-4% of all extranodal non -Hodgkin's lymphomas (NHLs) with a median age of diagnosis in the sixth decade of life [1, 2] . The most common histological type of PLL are those arising from mucosa-associated lymphoid tissue (MALT), which were first described by Isaacson and Wright in 1983 [2, 3] . Although MALT most frequently develops in the gastrointestinal tract, other sites can include the salivary glands, orbits, and lungs. MALT lymphoma may be associated with chronic inflammatory conditions and has been seen with chronic infections as well as autoimmune disorders e.g. Sjögren's Syndrome [2] . PLL is often asymptomatic; however, patients may present with non-specific respiratory symptoms such as cough, shortness of breath, or constitutional symptoms. Herein we describe a case of primary pulmonary MALT lymphoma presenting as a non-resolving pneumonia that caused a diagnostic challenge.
Case report
An 84-year-old, African American, non-smoker male with a history of hypertension (HTN) and benign prostatic hyperplasia (BPH) presented to his primary care physician with a two-week history of non-productive cough. He denied chest pain or shortness of breath. The patient was treated for possible walking pneumonia on an outpatient basis with doxycycline without resolution of his symptoms. Patient was then referred to a pulmonologist for further evaluation. He was retreated with levofloxacin and, again, failed to show improvement. He was then recommended for an www.journals.viamedica.pl outpatient bronchoscopy to rule out other possible infectious or rheumatological etiology to his symptoms, but the patient refused. His symptoms continued to persist and worsen with significant weight loss of nine kilograms over the course of a year and a half. Due to worsening cough the patient was sent to the emergency room for expeditious workup. Past medical history revealed a previous episode of pneumonia successfully treated with antibiotics approximately 18 months prior. The patient reported that he was a pharmacist, and denied a history of drug or alcohol use or exposure to any toxins. There was no known exposure to Mycobacterium tuberculosis or other communicable diseases. On examination, patient was afebrile with stable vital signs, blood pressure (BP) of 137/77 mm Hg, heart rate (HR) of 66, oxygen saturation (O2 sat) of 93%, respiratory rate (RR) of 16 breaths per minute and a temperature of 36.5 degrees Celsius. Initial laboratory findings and liver function tests have been summarized in Table 1 . Lactose dehydrogenase was not me- 
Liver function tests
Protein (total) 6.6 (6.4-8.3g/dl) asured. Physical exam was unremarkable except for bilateral rhonchi on auscultation. Chest X-ray ( Fig. 1 ) showed features suggestive of scarring, atelectasis, and cystic changes in the right lung indicating possible bronchiectasis. Non-contrast chest CT (Fig. 2) showed a right-sided pleural effusion and opacity with likely consolidation suspicious of pneumonia. Sputum and serological testing was then performed that was negative for bacteria and fungi. Screenings for atypical pneumonia microorganisms were negative. Sputum acid-fast bacillus testing and QuantiFERON-TB Gold test were also both found to be negative. Due to non-resolving pneumonia and recent reported weight loss, subsequent bronchoscopy was performed. Biopsies www.journals.viamedica.pl with a MALT lymphoma in the right lung. The Ki-67 proliferative index is 10% -15%. Anti-Pan Cytokeratin AE1/AE3 fluorophore highlights the focal LEL.
After discovery of PLL further investigation for possible other MALT lesions was performed -ultrasound and computer tomography of the abdomen were unremarkable. Patient was referred to oncology due the extensiveness of the disease and surgery was ruled out. The patient was treated with a chemotherapy regimen of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) and rituximab. After 6 cycles of chemotherapy, positron emission tomography (PET) revealed the patient to be disease free and he was followed on an outpatient basis.
Discussion
Primary lung lymphoma (PLL) is a rare unilateral or bilateral lung disorder defined as clonal lymphoid proliferation affecting one or both lungs (parenchyma and/or bronchi) in a patient with no detectable extrapulmonary involvement at diagnosis or during the subsequent 3 months [4] . PLL is most frequently a MALT lymphoma: a type of extranodal low-grade B-cell lymphoma characterized by proliferation of clonal marginal zone lymphocytes, which is most traditionally associated with Helicobacter Pylori found in the gastrointestinal tract, specifically the stomach [5] . MALT lymphomas (MALTomas) may also develop due to chronic inflammation or chronic autoimmune diseases e.g. Sjögren's syndrome [2, 6] . PLL presents a clinical challenge, as physical or radiological presentation alone is often not enough to make the diagnosis thus requiring a high index of suspicion, which may help to determine presence of this rare, indolent disease. PLL, due to its non-specific signs and symptoms may be misdiagnosed as pneumonia or a lung tumor. Here we have described a case of a MALT lymphoma located primarily in the lung masking itself as a non-resolving pneumonia.
MALT lymphomas most commonly present non-specifically with 36-50% of patients being asymptomatic at the time of diagnosis [7, 8] . 58% of symptomatic patients most commonly reported symptoms of dry cough, dyspnea, chest pain, and hemoptysis; 22% of symptomatic patients report B type symptoms such as weight loss, fever, and night sweats [7, 9] . B type symptoms overlapped with respiratory manifestations creates a clinical conundrum as was seen in our patient. Initial diagnostic workup in such patients often includes laboratory Immunohistochemistry demonstrated neoplastic lymphocytes positive for CD20 (B-cell marker) ( Fig. 3) and Bcl-2 (marginal zone lymphoma marker) ( Fig. 4) . Neoplastic lymphocytes were negative for Bcl-1 (mantle cell lymphoma marker), CD3 and CD5 (T-cell markers), CD10 (acute lymphoblastic leukemia marker), CD23 (IgE receptor antibody), CD43 (T-cell activation marker), and CD56 (natural killer cell marker). These results demonstrate that this patient's diagnosis is a type 2 B-cell lymphoma, consistent www.journals.viamedica.pl and diagnostic imaging if infectious etiology is suspected. Radiological examinations have shown that non specific patchy opacities or mass like consolidation are seen in up to 68% of patients [10] .
The management algorithm of PLL typically follows that of newly discovered masses with the gold standard being biopsy of the suspicious mass. Sampling techniques include transthoracic needle biopsy, transbronchial biopsy, open thoracotomy and wedge resection by thoracotomy [11] . Our case highlights the use of transbronchial biopsy via bronchoscopy, which is conservative in the spectrum of tissue sampling procedures. Often diagnosis is more challenging and requires more invasive techniques as reported by Cordier et al. and Ferraro et al. in which 89% and 90% of patients required an open thoracotomy for definitive diagnosis of PLL [9, 12] .
Supplemental diagnostic techniques such as bronchoalveolar lavage (BAL) may also be used to diagnose; however, BAL sensitivity for MALT lymphoma is only 66% [13] . Immunohistochemistry may also aid in the diagnosis to distinguish MALT lymphoma from other small B-cell non-Hodgkin's lymphomas as it did in this case. B-cell-associated antigens such as CD19, CD20, CD22, and CD79a may be expressed in MALT lymphomas.
Treatment options for primary lung MALT lymphoma treatment are either surgical resection or chemotherapy regimen of CHOP with rituximab. Surgical intervention with adjuvant chemotherapy is preferred to preserve lung function [14] . However, PLL is an indolent disease that does not always require immediate intervention. Most patients show no growth or spread of lymphoma for up to 12 months after diagnosis, and have a median time to progression of 5.6 years [15] . Even without treatment patients have favorable prognosis. The ten-year survival for MZL is 53% [12] with no difference in survival rates of unilateral versus bilateral disease [10] .
Conclusion
Primary lung lymphomas are a rare occurrence that are difficult to diagnose. They are usually asymptomatic with non-specific clinical manifestations or radiological characteristics. Non-specific symptoms may lead to difficulty in diagnosis. Definitive diagnosis of PLL as a MALT lymphoma is based on histological examination of surgical tissue biopsies. Treatment options for patients like the one presented here could include monitoring progression, surgery, chemotherapy or radiotherapy. There is no current established management protocol. Treatment is instead guided by expert opinion rather than evidence based medicine from randomized clinical trials. If clinical suspicion is high, a full diagnostic workup -possibly including invasive tissue sampling procedures -should be considered to accurately diagnose PLL patients as early as possible.
